We describe the benefits of perfluoro-N-octane (PFO), a perfluorocarbon liquid, in the removal of nonmagnetic intraocular foreign bodies (IOFBs) from the macula and posterior segment. Two consecutive cases of posterior segment IOFB were reviewed. An 18-year-old male presented to the emergency room after a motor vehicle accident with a zone 1 open globe injury and large glass IOFB in the left eye. A 53-year-old male presented to the emergency room with a history of a 3-week delayed presentation of a zone 1 open globe injury from a nail to the right eye. He was found to have a metallic IOFB. In both cases, PFO was used to slide the nonmagnetic IOFBs outside of the macula for safer retrieval. PFO was also able to protect the posterior pole from IOFB drops during early attempts at removal. PFO can be a useful surgical adjunct to pars plana vitrectomy in the removal of certain nonmagnetic IOFBs.
Introduction
The presence of an intraocular foreign body (IOFB) is a common and serious ocular injury, accounting for up to 40% of all penetrating ocular injuries. [1] [2] [3] The composition of IOFBs varies from glass, plastic, organic material or metals. 4 Among them, metallic IOFBs (such as zinc, nickel, aluminum, mercury, iron and copper) are the most common, with approximately half being magnetic. 1, 5 Posterior segment IOFBs can be removed through the entry or exit wound, pars plana sclerostomy that can be enlarged, a scleral tunnel or a corneoscleral limbal wound. 6 Extraction of the IOFB is an important step associated with many potential complications. PPV and the use of specially designed instruments such as intraocular magnets and forceps allow surgeons to extract IOFBs. Intraocular magnets allow for elevation of small metallic IOFBs safely away from the retina, but have limited effectiveness with larger objects and are of no use with nonmagnetic IOFBs. Nonmagnetic IOFBs need to be retrieved with specialized forceps and present a particular challenge in that vitreous manipulation and traction may lead to retinal tears. 7 Insufficient grasping by the intraocular forceps can also lead to dislodging of the IOFB and secondary iatrogenic injury to the retina or optic nerve.
Perfluorocarbon liquids (PFCLs) have been widely adopted for vitreoretinal surgery. Due to their chemical and physical properties, including optical clarity, high specific gravity, low viscosity and immiscibility in water, they offer advantages, especially for retinal detachment (RD) surgery. [8] [9] [10] PFCLs are used most commonly to flatten retinal folds, displace subretinal fluid and stabilize the retina during complex maneuvers. They can also be quite helpful in the removal of some IOFBs, as described in one prior report where the IOFB was lifted into the anterior vitreous to facilitate extraction.
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Ung et al Herein, we present two cases in which perfluoro-N-octane (PFO), a PFCL, was used to move the nonmagnetic IOFBs away from vision critical structures in the posterior pole, thus allowing their safer retrieval. Furthermore, PFO was able to protect the posterior pole from IOFB drops during initial attempts of removal from the eye. By assisting retrieval and protecting the macula, PFO is a useful adjunct for the surgical removal of certain nonmagnetic IOFBs.
Methods
Two consecutive cases of posterior IOFBs involving the macula were reviewed. Patients were evaluated and treated for open globe injuries at Massachusetts Eye and Ear Infirmary, according to a previously published standardized protocol. 12 Upon arrival to the emergency room, a comprehensive ophthalmic examination was completed. A noncontrast computed tomography scan with thin cuts through the orbits was also obtained. Both surgeries were performed by the same surgeon (JBM). The details of both cases are included in an ocular trauma database as part of a Massachusetts Eye and Ear Institutional Review Board approved protocol. Figure 1A ). The patient underwent a primary open globe repair by the trauma service and was then referred to retina for IOFB removal. He underwent 23-gauge pars plana vitrectomy (Constellation; Alcon, Fort Worth, TX, USA). Intraoperatively, there was a large glass foreign body located in the macula with surrounding vitreous hemorrhage ( Figure 1B ). After core vitrectomy and removal of the vitreous surrounding the IOFB, 1 mL of PFO was slowly injected over the macula, displacing the foreign body past the arcades ( Figure 1C) . Its removal was then attempted with a 19-gauge Grieshaber diamond-dusted IOFB forceps (Alcon), but this instrument was unable to get a good hold of the foreign body given its large size and smooth, slippery edges. A superior scleral tunnel was performed using a crescent blade to facilitate the IOFB removal. A 23-gauge soft tip extrusion cannula (Alcon) was used to elevate the IOFB into the anterior chamber with assistance from the light pipe. Despite dropping the IOFB a few times, the PFO bubble was able to protect the macula from any iatrogenic injury. The IOFB was then removed from the anterior chamber via the previously initiated scleral tunnel with a 0.5 forceps and a sheets glide. Postoperatively at 1-year follow up, he had light perception vision in the setting of significant corneal scarring, but the retina remained attached (Table 1) . A video demonstrating the technique in case 1 is available (Video S1).
Case reports
Case 2: metallic IOFB
A 53-year-old male presented to the emergency room with a history of a 3-week delayed presentation of a zone 1 open globe injury from a nail injury in the right eye. The patient presented after noticing progressively decreased vision. Visual acuity at presentation was hand motion in the right eye and 20/20 in the left eye. Intraocular pressure was 11 mm Hg 
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Perfluorocarbon liquid-assisted foreign body removal in the right eye and 13 mm Hg in the left eye. There was an afferent pupillary defect in the right eye. Slit-lamp examination revealed a large self-sealing corneal laceration with iris incarceration, hyphema and peaked pupil in the right eye. Examination of the left eye was unremarkable. Orbital CT imaging revealed a 2 mm metallic foreign body in the posterior segment (Figure 2A ). After providing written informed consent, the patient underwent phacoemulsification cataract extraction and 23-gauge pars plana vitrectomy (Constellation; Alcon). The metallic IOFB was embedded into the inferior macula, with underlying retinal whitening and dense vitreous hemorrhage ( Figure 2B ). Vitreous adherent to IOFB was cut until it became free from all adhesions. A small bubble of PFO was injected to displace the IOFB and protect the macula during removal ( Figure 2C ). Multiple attempts were made to remove the IOFB with Grieshaber max grip forceps (Alcon) and an intraocular magnet. However, neither the magnet nor max grip forceps were able to create a firm enough adhesion to remove the IOFB. The PFO bubble protected the macula and allowed the IOFB to slide to an extramacular location. Ultimately, an additional superior sclerotomy site was created with an MVR blade (Alcon) and the foreign body was successfully removed with IOFB forceps. Then, 3 months after surgery, the patient developed a macula-off RD due to proliferative vitreoretinopathy at the previous strike site, which was repaired with additional surgery. After 1 year, the retina remained attached with hand motions vision.
Discussion
The association of IOFBs with ruptured globes is a leading cause of visual impairment in ocular trauma. Posterior segment IOFBs increase the risk of retinal breaks and detachments, subretinal fibrosis, choroidal hemorrhage and epiretinal membranes. 13, 14 Prompt removal is recommended. Although surgical instrumentation and techniques have improved, there is a high rate of complications related to removal of IOFBs. 13, 14 Here, we report two cases on the use of PFO to facilitate the removal of posterior segment IOFBs and to protect the macula from iatrogenic damage.
The use of PFCL during vitrectomy constitutes a major advance in vitreoretinal surgery. Its higher-than-water specific gravity, along with the immiscibility of PFCLs with water, allows the surgeon to use PFO as a tamponading agent. Its low viscosity also enables easy intraocular injection and removal. Several studies have reported the utility of PFCLs in the management of IOFB. PFO, in particular, has been used to float various materials off the posterior retina, 11 to prevent the spread of hemorrhages and RD during IOFB removal, 14 and to stabilize and make grasping easier for sinking IOFBs. 15 In our first case, the patient had a perforating injury following a motor vehicle accident with a large glass foreign body located in the macula. We were able to inject PFO to mobilize the IOFB outside the arcades. Ruddat and Johnson 11 first reported the use of PFO to float a large glass foreign body up into the anterior vitreous cavity. In this report, they commented that buoyancy alone could not explain the ability of glass to float on PFO, as the specific gravity of glass (2.2-2.8) exceeds that of PFO (1.76-2.03). In further studies, the same authors demonstrated that all materials denser than PFO, regardless of size, sank when placed on PFO in an air-filled breaker. However, they found that dense specimens had a 
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Ung et al higher affinity for saline than for PFO and floated stably at the saline-PFO interface. Therefore, the ability of PFO to support IOFBs of higher density lies in the adhesive force between the material and saline. The magnitude of this adhesive force, which is proportional to the surface area of the specimen, is strong enough to overcome the gravity for small specimens. 16 Thus, PFCL can levitate large foreign bodies for extraction through either the corneal wound or pars plana. Another challenge encountered during IOFB removal is that current vitreoretinal forceps may be inadequate to ensure a secure grasp of the object. This occurred in case 1, given the large size and slippery surface of the glass IOFB. In these situations, careful attention should be made to avoid slippage, as dropping an IOFB during removal can cause damage to the macula, retinal breaks and hemorrhages. Prior experimental studies suggest that PFO may not support a metallic foreign body. 17 However, this report demonstrates two examples where the injection of PFO protected the macula with both glass and metallic IOFBs.
In our second case, we were able to utilize PFO to first slide the metal IOFB away from the macula and protect the macula from any iatrogenic drop injury during early failed attempts at retrieval. Care was taken to prevent the foreign body from damaging the macula, as its preservation is correlated with good visual outcomes. 3, 18 This protective shielding of the macula with PFO was examined by Shah et al 19 who tested the impact of various dropped metallic IOFBs in a model eye. With the exception of the heaviest IOFB, all the remaining IOFBs were deflected by the PFO-balanced salt solution (BSS) interface in at least 99% of the tests. Similar to what had been described by Ruddat and Johnson, 11 deflection of the dropped IOFBs in this study occurred at the interface between the PFO and BSS primarily as a result of the PFO-BSS interfacial tension. This interfacial tension acts as a protective barrier and is able to divert the falling IOFB and deflect it away from the macula. These additional studies further support our clinical examples that PFO may be used as a protective method by retinal surgeons during the removal of IOFBs.
Removal of IOFBs is challenging as IOFBs can be frequently dropped on the macula, causing iatrogenic retinal breaks. Both cases demonstrate that the use of PFO can protect the posterior pole from intraoperative falling and trauma during grabbing of two different types of IOFBs, both metal and glass. Neither of our cases developed a macular injury despite difficult removals due to size, shape and nonmagnetic characteristics of the IOFB. Further studies on the visual outcomes of these patients and secondary RDs are warranted.
Conclusion
Surgical extraction of IOFBs can be challenging. Here, we have described the use of PFO to facilitate the removal of IOFBs and to protect the macula during removal attempts. We have shown that intraoperative PFCL may be a safe and useful surgical adjunct to pars plana vitrectomy in the management of IOFBs.
